Introduction
Many physical phenomena are described by elliptic and parabolic partial di erential equations in divergence form. Traditionally, the models used have been linearizations of strongly nonlinear phenomena 11 . During the last ten years or so, with very powerful new theoretical techniques and the ubiquity o f high powered computing, the tendency has changed towards the use of increasingly more complex | and more strongly nonlinear | models. A choice method for the numerical approximation of solutions of elliptic and parabolic problems is the nite element method, frequently in the form of Galerkin or Ritz Galerkin methods 1 , 4 , 5 . A more modern form of the nite element method was conceived by Brezzi twenty y ears ago 6 for the approximation of solutions of saddle point problems, rather than minimization problems |as in the case of Galerkin methods. The new methods were named mixed nite element methods, and a considerable literature was produced focusing on their analysis, especially for linear second order elliptic di erential equations and systems 9, 10, 7 , 1 2 , 3 , 2 , 1 3 , 1 4 , 8 , 1 5 , 1 7 , 1 8 , 1 9 , 2 0 , 2 5 , 2 4 , 2 9 , 3 1 . Much less abundant in the literature on mixed methods applied to nonlinear elliptic problems 22, 1 3 , 2 8 , 2 4 . Only a few papers dealt with the solution parabolic problems using mixed nite element methods 21 , 16 , 23 , 30 . Very recently the method was applied to a strongly nonlinear parabolic problem for the rst time, generalized Forchheimer ow in porous media 26 . In the present paper we show h o w the methods employed in 26 can be extended to the analysis of the fully nonlinear second order parabolic problem in divergence form.
In the next section we give the details of the formulation of the continuous time mixed nite element method. In Section 3. we prove existence and uniqueness of the nite element solution and in Section 4. we derive L 2 error estimates.
The Mixed Finite Element Procedure
We shall consider a time interval J = 0; T 
Existence and Uniqueness
We h a ve the following theorem concerning the stability of the mixed method 2..8.
Theorem 1 There exists a constant C, which depends on the characteristic parameter h, such that
Here we have used the notation f = fpt; x; ut; x.
The proof of this theorem is essentially indentical with that of 26 for Forchheimer ows and we shall omit it here.
Next note that this is an a priori estimate su cient to guarantee the existence of a solution of 2.. 8 4..5 Following again 26 , the result follows since the left hand side of this inequality is the only additional term resulting from our general parabolic operator, and all the terms on the right hand side of 4..5 were already on the right hand side of the bounding inequality in 26 .
We can now prove our main result. 4..7
Proceeding as in 26 , we combine 4..6 and 4..7 with the rest of the terms to complete the proof.
Finally, for completeness, we can derive an optimal error estimate for the divergence of the ux. where the constant C is independent of h.
Proof: Combine theorems 1 and 2 with the second equation in 4..3.
L 1 -Error Estimates
We can also establish pointwise error estimates. 
